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工艺，最佳镀液组成和工艺条件为：Cr2(SO4)3·6H2O 25 g·L-1，H2C2O4·2H2O 10 
g·L-1，H3BO3 70 g·L-1，Na2SO4 100 g·L-1，含硫有机化合物 200 mg·L-1，pH 为
3.0 ~ 4.0，温度为 35 ~ 55 ℃，阳极为 Ti-IrO2 阳极(DSA)，电流密度为 3 ~ 6 
A·dm-2，磁力搅拌。镀液分散能力为 95%；覆盖能力为 100%；电流密度为 3 ~ 
6 A·dm-2时，三价铬电沉积电流效率均大于 20 %；在 3 A·dm-2电流密度下和 60 
min 内，铬沉积速率保持为 0.12 μm·min-1。在 3 A·dm-2 电流密度下电沉积 120 
min，得到铬镀层厚度为 10.6 μm，表面呈瘤状形貌，为纳米晶结构，与光亮镍
层间的结合力良好，显微硬度为 789.2 Hv，在 3.5% NaCl 溶液中的腐蚀电位






















热处理温度为 100 ~ 300 ℃时，镀层中的铬纳米晶粒开始团聚；热处理温度为
400 ~ 500 ℃时，镀层转变为晶态结构，且铬晶粒开始粗化；热处理温度升高至
600 ~ 700 ℃时，铬晶粒进一步粗化，且伴随 Cr3C2、Fe3C 和 Cr2O3新相的生成
或析出。热处理后，铬镀层的性能更为优良。镀层显微硬度在 400 ℃热处理后




为 100 mg·L-1 时，镀层中的 Fe 元素重量百分含量为 3.62 wt.%，镀层呈微裂纹
形貌，表现为纳米晶结构特征；随着镀液中 Fe2+含量增加，镀层中的 Fe 含量随
之增大；当镀液中的 Fe2+含量为 300 mg·L-1 时，镀层中的 Fe 含量达到 21.86 
wt.%，镀层由微裂纹形貌转变为瘤状形貌，表现为非晶态结构特征；镀液中
Fe2+含量进一步增加，镀层中 Fe 含量也进一步增大，镀层表面形貌和晶态结构
不再变化。镀层铁含量增加，其显微硬度增大；铁含量为 23.78 wt %时，显微
硬度达到 928.9 Hv。镀层中铁含量为 21.86 wt %时，镀层的耐蚀性达到最佳，
在 3.5% NaCl 溶液中的腐蚀电位为 Ecorr = - 0.25 v，腐蚀电流密度为 jcorr = 
7.45×10-5 A·dm-2。 
3、硫酸盐三价铬电沉积机理研究 
三价铬的还原过程分两步进行：Cr3+ + e → Cr2+和 Cr2+ + 2e → Cr，第一步
得到 1 个电子，受电化学过程和扩散过程共同控制，第二步得到 2 个电子，为
扩散控制下的不可逆过程。温度和三价铬浓度的升高均降低了 Cr3+的还原极化，
使还原电位正移，同一还原电位下的阴极电流密度增大。Fe2+对 Cr3+的电沉积



































The chromium coating has been widely used in automotive, electronics, daily 
hardware and aerospace fields because of its high hardness, good wear resistance, 
good corrosion resistance and decorative appearance. Traditional hexavalent 
chromium electroplating is harmful to the environment and human health because of 
its high toxicity, which can not meet the needs of green development. Compared with 
hexavalent chromium, the trivalent chromium electroplating has some advantages 
such as low toxicity , no current interrupt affection, no equipment corrosion and so 
on , which possess good market application prospect. At present, the sulfate trivalent 
chromium plating is usually applied to decorative coatings, the electrodeposition of 
hard chromium is still not yet mature, pending further study. 
In this paper, based on our previous research of decorative sulphate trivalent 
chromium plating, hard trivalent chromium plating has been successfully developed 
through a large number of experiments. The characteristics of hard chromium coating 
were studied by X-ray fluorescence measurement (XRF), scanning electron 
microscopy (SEM), X-ray energy dispersive spectroscopy (EDS), X-ray diffraction 
(XRD), microhardness tester and Tafel curve. The effects of heat treatment and Fe2+ 
concentration on the coating were investigated. In addition, the mechanism of Cr3+ 
electrodeposition was studied by linear sweep voltammetry(LSV) and cyclic 
voltammetry(CV). The effect of Fe2+ and additive in the bath was also investigated. 
The main contents and results of this thesis are as follows: 
1. Hard chromium electrodeposition from sulfate trivalent chromium 
bath and coating characterization 
We have successfully developed hard chromium process from sulfate trivalent 
chromium bath through a large number of tests, which can be used in practical 
production. The optimum bath composition and process conditions are as follows: 
Cr2(SO4)3·6H2O 25 g·L-1, H2C2O4·2H2O 10 g·L-1, H3BO3 70 g·L-1, Na2SO4 100 g·L-1, 
sulfur-containing organic compound 200 mg·L-1, pH 3.0 ~ 4.0, temperature 35 ~ 
55 ℃, the anode is Ti-IrO2 (DSA), the current density of 3 ~ 6 A·dm-2, magnetic 
stirring. The dispersion power of the bath is 95% and the coverage power is 100%. 
















current density of 3 ~ 6 A·dm-2. And the chromium deposition rate was 0.12 μm·min-1 
at current density of 3 A·dm-2 and within 60 min. The thickness of the chromium 
coating was up to 10.6 μm at the current density of 3 A·dm-2.and plating time of 120 
min. The coating has nodular morphology and nanocrystalline structure, which 
process good adhesion to bright nickel layer. The microhardness of the coating 
reaches to 789.2 Hv. The corrosion potential(Ecorr) of the coating in the 3.5wt% NaCl 
solution is -0.29 V and the corrosion current density(jcorr) is 9.26×10-5 A·dm-2. 
2. Effect of heat treatment and Fe2+ on properties of hard chromium 
coating 
The morphology and structure of the coating changed after heat treatment. After 
heat treatment at 100 ℃, the morphology of the coating transformed from nodular to 
flat, dense and micro-crack. With heat treatment temperature increased, the coating 
surface was more compact and the crack structure gradually deepened, and the micro-
hole appeared. Heat treatment temperature is further increased to 600 ℃, the coating 
surface is still relatively flat and dense, but began to gradually have other crystal 
precipitation; The coating surface has been oxidized  and covered with crystal, when 
heat treatment temperature was up to 700 ℃. Heating the coating at 100 ~ 300 ℃, the 
nanocrystalline began to agglomerate. Heating at 400 ~ 500 ℃ , the coating 
transformed into crystalline structure, and the chrome grains began to coarsen. When 
the heat treatment temperature is raised to 600 ~ 700 ℃, Cr3C2, Fe3C and Cr2O3 were 
precipitated with chrome grains coarsening. After heat treatment, the characteristics of 
the coating became better. The microhardness of the coating reached a maximum of 
1158.4 Hv after heat treatment at 400 ℃. The corrosion potential of the coating was -
0.16 V and the corrosion current density was 1.78 × 10-5 A·dm-2 after heat treatment 
at 500 ℃ , which had the best corrosion resistance. Overall, the optimum heat 
treatment temperature of the coating is 400 ℃. 
Fe2+ was in co-deposition with Cr3+, which can affect the structure and properties 
of the coating. When the content of Fe2+ in the bath was 100 mg·L-1, the content of Fe 
in the coating was 3.62 wt.%, and the coating had a micro-crack morphology, which 
was nanocrystalline. With the increase of Fe2+ content in the bath, the Fe content in 
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